Mejora de stocks en el sudeste del Mar Negro, mediante la liberación de rodaballos, Psetta maxima, criados en cautividad: análisis de la captura, migración, crecimiento y dieta by Ak, Orhan et al.
Stock enhancement by hatchery-released turbot, Psetta 
maxima, in the southeastern Black Sea: capture,  
migration, growth and diet analyses
Orhan Ak 1, Binnur Ceylan 2, İlhan Aydin 1, Hamza Polat 1, Ercan Küçük 1, Oğuzhan Eroğlu 1, 
Kostas Kapiris 3
1 Central Fisheries Research Institute, Trabzon, Turkey. E-mail: orhan.ak@tarim.gov.tr 
2 General Directorates of Fisheries and Aquaculture, Ankara, Turkey. 
3 Hellenic Centre for Marine Research, Institute of Marine Biological Resources and Inland Waters, Greece.
Summary: In this study, the capture, growth, migration and diet of hatchery-released turbots (Psetta maxima) were examined 
in the southeastern Black Sea region for six years (2009-2014). A total of 9933 turbots were marked with individual serial-
numbered T-bar anchor tags and released at Trabzon, Turkey. The mean TL and weight of the released turbots were 12.91 cm 
(±1.25) and 35.41 g (±12.38) and the same measurements for the captured turbots were 31.17±0.86 cm and 878.08±69.47 g, 
respectively. A total of 2.7% (270 fishes) of the tagged individuals were captured during the study period and the age of the 
captured tagged fishes was between 0+ and 5+ years. Growth of the captured turbots was analytically examined. Movements 
of the tagged turbots were expressed as “resident” and “migratory”. Three prey groups showed the majority of forage organ-
isms; teleost fishes, crustaceans and mollusks in the stomach of the captured turbots. The hatchery-released turbots might be 
used for stock enhancement due to their high growth rate and commercial value, and their relatively limited migration range. 
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Mejora de stocks en el sudeste del Mar Negro, mediante la liberación de rodaballos, Psetta maxima, criados en cau-
tividad: análisis de la captura, migración, crecimiento y dieta
Resumen: En este estudio se examinaron datos de captura, crecimiento, migración y dieta, de rodaballos (Psetta maxima) 
criados en cautividad y liberados en zonas del sudeste del Mar Negro, durante seis años (2009-2014). Se marcaron individual-
mente un total de 9933 rodaballos, utilizando marcas numeradas en serie (marcas de plástico tipo T) y se liberaron en Trabzon 
(Turquía). Las medias de longitud total (TL) y peso total de los rodaballos liberados fueron de 12.91 cm (±1.25) y 35.41 g 
(±12.38), y las mismas medidas para los rodaballos capturados fueron de 31.17±0.86 cm y 878.08±69.47 g, respectivamente. 
Un 2.7% (270 peces) de los individuos marcados fue capturado durante el periodo de estudio y la edad de estos individuos 
osciló entre 0+ y 5+ años de edad. El crecimiento de los rodaballos capturados se examinó analíticamente. Los movimientos 
de los rodaballos marcados fueron expresados como “residentes” y “migratorios”. La mayoría de los organismos presentes 
en los estómagos de los rodaballos capturados pertenecían a tres grupos de presas: peces teleósteos, crustáceos y moluscos. 
Los rodaballos criados en cautividad y liberados podrían ser usados en la mejora de stocks debido a su elevada tasa de creci-
miento, valor comercial, y su relativamente limitado rango de migración.
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Release of the cultivated species should be added 
to efficient management approaches for enhancing, 
conserving or restoring fisheries (Bell et al. 2006, 
Camp et al. 2013). Cultivation-based enhancements 
may provide various benefits, such as a useful support 
to fisheries stock, an increase in fishery performance 
and catch rate, and protection and renewal of depleted, 
threatened and endangered fish populations (Lorenzen 
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et al. 2012, Camp et al. 2013). This enhancement may 
provide economic and social benefits, supporting the 
recreational and commercial fishery and offering in-
centives for active management and better governance 
of fisheries resources (Camp et al. 2013). 
We examined the turbot, Psetta maxima (Linné, 
1758), which is one of the most commercially impor-
tant flatfishes in the Black Sea region (Zengin 2000). 
Turbots have generally been caught by bottom trawlers 
and bottom-set gillnets as target species and by purse 
seines as a by-catch in Turkish waters of the Black 
Sea. Between 1990 and 2010, total landings of turbot 
in the Black Sea ranged between 450 and 3000 t. In 
recent years, turbot landings have shown significant 
decreases, but it was reported that the catches increased 
gradually from 145 t in the 2011 to 172 t in 2012, 195 t 
in 2013 and 197 t in 2014 (TUIK 2014). An increasing 
fishing effort was made by the Turkish fleet mainly in 
the fishing periods between 2010 and 2013. Trends in 
total catch were analogous to the increase in the num-
ber of vessels (STECF 2014). Fishing mortality (F) of 
turbots was 0.63, 0.74, 0.95 and 1.26 in 2010, 2011, 
2012 and 2013, respectively (STECF 2014). These F 
values of this species in Black Sea region reflect the 
high over-exploitation pressure on turbot stocks by the 
commercial fishery. According to the latest statistics, 
average TLs and landings are decreasing (STECF 
2014). To preserve and maintain these valuable stocks, 
harvesting turbot smaller than 45 cm, the minimum 
legal fishing size (Anonymous 2016), must be pre-
vented. Turbot is generally preferred in this area and 
consequently priced at a high level (20-25 €/kg in the 
Trabzon Fish Market, pers. comm.).
In addition to overfishing and anthropogenic pres-
sures, the marine ecosystem of Black Sea has been 
influenced by coastal development and changing en-
vironmental conditions (Lotze et al. 2006, Lejeusne et 
al. 2010). The coastal zone is a very important habitat 
for fish protection, feeding and shelter, with a reduced 
risk of predation (Krumme 2009). This finding is cor-
roborated by the idea that these important ecosystems 
are also affected by environmental fluctuations in tem-
perature, currents and climate (Cury et al. 2008). These 
physical parameters have dramatically changed the 
narrow continental shelves and caused the loss of local 
nursery habitats in the Black Sea. This situation nega-
tively affects the turbot’s early juvenile stages, since 
its nursery grounds are generally located near coastal 
benthic communities at up to 5-10 m depth (Gibson 
1994, Giragosov and Khanaychenko 2012). After this 
stage, the juveniles migrate to deeper waters (10-20 m) 
for feeding, whereas the adults inhabit various depths, 
up to 110 m (Giragosov and Khanaychenko 2012). The 
spawning period of turbot in the Black Sea extends 
from April to June at water temperatures of 12°C to 
18°C, with a peak in May. Turbot first mature sexually 
at the age of 4 years (Genç et al. 2002).
In last two decades, enhancement programmes have 
been conducted by the Central Fisheries Research In-
stitute (CFRI-Trabzon) in order to preserve the insuffi-
cient wild stock or increase the number of fish recruit-
ing to the freshwater or marine fishing stock. The first 
attempt was carried out on a total of 28876 hatchery-
reared turbot specimens that were tagged and released 
in the southeastern Black Sea between 1999 and 2002 
(Zengin et al. 2005). Some of them were captured via 
bottom trawls, gill nets and purse seine and the cap-
ture rate was 2.2%. It was reported that the examined 
species exhibited vertical migrations depending on 
age, size and season. This study differed from that car-
ried out by Zengin et al. (2005) due to the different 
sampling area and period, the different environmental 
parameters and the different fishery effort exerted on 
the studied species in the period. CFRI also conducted 
a stock enhancement of Black Sea trout (Çakmak et al. 
2008) and sturgeon in the middle of Black Sea region 
(Zengin et al. 2015). 
The present study is the first to describe the catch 
ratio, residence time, movements, feeding and growth 
of hatchery-reared turbots released in the Black Sea. 
The aim was to improve our knowledge of the biologi-
cal and ecological characteristics of the released turbots 
and to assess the possibility of these released specimens 
being used to enrich the local wild population.
MATERIALS AND METHODS
Area
The study area was the wide area of Trabzon, Tur-
key, which is located near the southeastern coast of the 
Black Sea (Fig. 1). The continental shelves are narrow 
and the bottom areas are usually rocky, but sandy bot-
toms are also found in the deep valleys. The fishery 
activity in the sampling area is carrying out mainly 
by purse seines and bottom-set gillnets. However, the 
commercial trawl fishery is now banned in this area 
throughout the year by the Turkish Fishery Regulation 
Circular due to the overfished status of the fishery re-
sources (Anonymous 2016). The area is considered to 
be a suitable region for release because of the sandy, 
shallow, flat characteristics that provide suitable liv-
ing conditions for the turbot. In this particular part of 
the Black Sea, the surface water temperature ranges 
between 7°C and 28°C throughout the year; the lowest 
temperatures are observed in February and March and 
the highest ones in July and August. Below a depth of 
50 m, the temperature is almost stable at 5°C through-
out the year.
Tagging and releasing the juvenile fish
Turbots were hatchery-produced from wild paren-
tal stocks at the Turbot Hatchery Unit, Fisheries Re-
search Institute, Trabzon (CFRI) in May 2008. Turbot 
eggs and larvae for hatchery operation were provided 
by artificial fertilization of eggs from newly caught 
wild brood stock during the spawning season from 
April to May. Eggs generally hatch after 115 hours 
at a water temperature of 15°C and the larvae trans-
form from the larval to the juvenile stage in about 70 
days. At the end of this period, the larvae grow, adopt 
the adult form of turbot and enter the juvenile stage. 
Artificial diets of enriched rotifer and Artemia were 
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used for larval feeding (Üstündağ et al. 2002). Juve-
niles were grown for approximately 8 months in fibre 
tanks with a water temperature of 21°C until release. 
Crumbled pellets of 0.7 to 1 mm diameter were used 
for juvenile rearing. As the fish grew, crumbled pel-
lets were gradually replaced by a pelletized diet. The 
feeding rate of juvenile turbot started at 4% to 5% of 
body weight four to five times a day at about 20-50 
mm total length (TL) and was gradually decreased to 
2% to 3% of body weight three to four times a day at 
about 100 mm TL (Üstündağ 2003)
The mean TL and weight of 800 turbot individuals, 
individually measured prior to release, were between 
9 and 17 cm (mean length and standard deviation 
12.91±1.25 cm) and 11 and 88.2 g (35.41g±12.38 g), 
respectively. To separate the hatchery-released fishes 
from the wild ones, juvenile turbots were individually 
marked with plastic serial numbers using external T-
bar anchor tags. Turbots that were almost eight months 
old were tagged under the dorsal fin, into the muscle 
tissue. During the tagging, sick and disabled individu-
als were discarded. Marked fishes were treated with 
oxytetracycline at 100 ppm for 30 minutes against 
potential infections (Kim et al. 2014). All turbots were 
tagged at least two weeks before release, and then kept 
and closely observed in the fibre tank until the time of 
release.
The fishes were transported from the hatchery unit 
to the area of release via a ship. The duration of the 
transfer was almost two hours; a continuous oxygen 
supply was given during this period. The fishes were 
released into the sea by bucket to approximately 20-30 
m depth of the sea between 15 and 18 January 2009 in 
the Trabzon area. A total of 9933 turbots were indi-
vidually marked and then released to the sea. 
Captured fishes
Tagged turbots were bought from the local market 
and also caught during the trawl surveys by R/V Sürat 
Araştırma-1 in the southeastern Black Sea. Tagged 
fishes were caught by fishermen via purse seine, bot-
tom-set gillnet and hooks. Fishermen were supported 
with a gift of new auxiliary equipment for their activ-
ity, such as a raincoat, in exchange for returning tags 
and reporting catch data, TL (including minimum legal 
size) and condition of the fish. Trawl surveys were 
carried out by the bottom trawler of the R/V Sürat 
Araştırma-1 from Ordu to the borders of Georgia. The 
bottom trawler had a cod-end mesh size of 14×12 mm, 
a vertical height of 12 m and a horizontal opening of 
22.5 m. The duration of the haul was 30 minutes. A 
total of 46 hauls (12 in spring, 12 in summer, 12 in 
autumn and 10 in winter) were carried out during the 
study. A total of 33 wild and 89 tagged turbot were 
caught. The date, area, time, depth, fishing gear, du-
ration of the survey, tag number of the captured fish 
and length and weight of the samples at the moment 
of capture were recorded. The number of wild turbots 
in the catch of trawl operations was also recorded and 
measured on board the research vessel.
A total of 270 tagged individuals were caught (160 
by bottom gillnet; 89 by trawl survey; 20 by purse 
seine; 1 by hook). Catch rate was calculated according 
to the formula:
Capture rate=(number of tagged fish caught/number 
of fish released)*100.
The biological characteristics (length, weight, 
growth, diet) of 218 individuals were measured. The 
TL of the specimens was measured to the nearest mil-
limetre, and the body weight to the nearest gram, and 
then they were separated by sex. 
Sex ratio
Gonads were extracted and structural differences 
of the genitals were examined with the naked eye for 
sexing. The fishes whose gonads had a granular struc-
ture were identified as females and the other fishes 
were evaluated as male samples. The female:male 
ratio was calculated for all the individuals (Holden 
and Raitt 1974).
Fig. 1. – Area of release and capture of tagged turbots, P. maxima, during the study period.
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Growth
Data from the tagged fishes caught from the com-
mercial fishery and trawl surveys were also used in 
the growth analysis. The growth in length in the indi-
viduals released and caught was calculated by year and 
tested with a t-test. Annual growth ratio (AGR) of the 
released specimens was calculated as follows:
AGR= L – L
time interval
365final initial
where Lfinal is length at the moment of capture and Linitial 
is length at the moment of release. Time interval is the 
number of days at liberty experienced by captured fish.
The length-weight relationship of captured fishes 
was calculated according to W=aLb and Fulton’s con-
dition factor (K) of the individuals released and recap-




where W is the weight of captured fish, L is the TL of 
fish, and parameter ‘a’ is a scaling coefficient for the 
weight at length of the fish species and parameter ‘b’ is 
a shape parameter for the body form of the fish species. 
The Student t-test was used to test whether the slopes 
(b) were significantly different from 3, indicating the 
growth type: isometric (b=3), positive allometric (b>3) 
or negative allometric (b<3).
The birth date of hatchery turbots was known as May 
2008. The age was calculated as the time between the 
date of birth and the date of capture. The von Bertalanffy 
growth parameters were calculated according to the 
equation Lt = L∞[1–e–k(t–t0)], where Lt is length of fish (cm) at age t, L∞ is the asymptotic fish length (cm), t is 
the fish age (year), t0 is the hypothetical time at which 
the length of fish is zero and k is the growth coefficient 
(year–1) (according to Sparre and Venema 1992).
The growth performance index (Φ) was estimated 
using the equation, where L∞ and K are parameters of 
the von Bertalanffy growth equation (Pauly and Munro 
1984). The growth performance index (Φ) reflects the 
growth rate of the fish of unit length and is connected 
with the integration of growth, the metabolism and the 
food consumption of Φ=ln(k)+2ln(L∞) an organism (Pauly and Munro 1984).
Migration
Horizontal and vertical movements of tagged tur-
bots, which reach the bottom, were estimated in the 
study area. The catch area, date and depth were record-
ed from fishermen and from trawl surveys (n=270). 
The distance between the area of release and the area of 
capture was measured for every individual as km (Støt-
trup et al. 2002). According to the capture distance, 
the fishes were referred to as “resident” (<10 km) or 
“migratory” (>10 km) individuals.
Stomach contents
The stomachs of each fish were placed in the plas-
tic bags and frozen (–20°C) for further analysis. For 52 
tagged fishes, the tag was removed by fisherman and 
only the date and area of capture were recorded (n=218).
The vacuity index V=(Ne/Ns) was calculated, where 
Ne is the number of empty stomachs and Ns is the total 
number of stomachs examined. The percentage of empty 
stomachs and the repletion index (RI=wet weight of gut 
content*100/wet body weight) were used to evaluate the 
feeding activity of fish (Cortés et al. 1996). 
Two indices, the frequency of occurrence (Oi%) 
and the relative abundance (Ni%) for every prey type 
and the total wet weight of gut content were used to 
describe the diet of the fish examined. In addition, the 
index of relative importance (IRIi) was also calculated (Hyslop 1980, Cortés et al. 1996). All the indices were 
computed according to the formulas below:
Oi% = (FOi/Ns)100
Ni% = (Ni/Np)100
IRIi = (Ni% + Np%) Oi%
where Oi% is the percent frequency of occurrence of 
prey i, FOi is the frequency of occurrence of prey i, Ns 
is the total number of stomachs examined, Ni% is the 
percent by number of prey i, Ni is the total number of 
prey I and Np is the total number of prey.
Statistical analysis 
Differences in samples were first based on the sam-
ple mean and standard error. A chi-square test was used 
to analyse differences in the sex ratio. All data sets to 
be compared were tested for normality prior to further 
statistical analysis. A Mann-Whitney Test was used 
to elucidate the correlation between TL, weight and 
condition factor and the number of recaptured fishes 
per gear. The parameter (b) of L-WR was compared 
for significant difference between sexes by analysis of 
covariance (ANCOVA) (Zar 1996).
Differences in samples were based on the mean 
value and standard error of the samples. All data sets 
were tested for normality and equal variances prior 
to further statistical analysis. Statistical analysis was 
performed using a Kruskall-Wallis test, a t-test and a 
chi-square test (Zar 1996).
All statistical tests were carried out with PAST3.0, 
downloaded from http://folk.uio.no/ohammer/past/, 
except for the area estimation, which was done using 
the ArcGIS 10.1 software.
RESULTS
Catch
A total of 9933 turbots were tagged and 270 re-
turned. Many individuals were captured only in the 
period 2009-2012. The overall catch ratio was 2.7% for 
the entire study period. The corresponding values for 
capture ratio of fishes aged 0+ to 5+ years were 0.3%, 
0.99 %, 0.5%, 0.86%, 0.02% and 0.05%, respectively. 
The numbers of tagged turbot recaptured by gill nets, 
scientific trawlers, purse seine and hook were 59.5%, 
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33% and 7% and 0.5%, respectively. The capture rate 
of turbots by bottom-set gillnet was not significantly 
higher than the capture rate by the trawlers (t-test 
p>0.05), but showed a significant difference from that 
of the other fishing gears (t-test, p<0.05). 
The average time between release and capture for 
tagged turbots was 571 days (±22.25 SE, n=218), rang-
ing from 3 to 1987 days. The percentage of captured 
fishes was 8.14% in 100 days (n=22), 37.03% in 400 
days (n=100), 6.66% in 700 days (n=18), 45.92% in 
1100 days (n=124), 0.74% in 1250 days (n=2), and 
1.48% in 1950 days (n=4). Therefore, 99.97% of the 
captures were made between 0.9 and 5.3 years (Fig. 2). 
Wild and tagged turbots
A total of 33 wild and 89 tagged turbots were caught 
from trawl surveys between 2009 and 2014. The pro-
portion of wild to released fishes during 46 trawler 
surveys was 1:2.69. Forty-two percent of tagged fishes 
and seventy percent of wild turbots were caught at 
depths of 20-40 m. 
Sex ratio
The sex ratio of 218 captured tagged turbots dur-
ing the sampling period (2009-2014) was 1:0.92 in 
favour of females. There were no significant difference 
from the expected ratio of 1:1 (χ2=0.05, p>0.05). In the 
spawning season from April to June 2012, 21 mature 
turbots were caught.
The tagged individuals reached sexual maturity at 
the age of 4+ years, when they were usually found at 
the depth range 15-50 m in April and May 2012 for 
spawning. According to the results of this study, only 
a few individuals of both sexes showed gonad matura-
tion during April-May. 
Growth
The mean body length of captured turbots was 31.17 
cm (min=12.3 cm, max=68 cm, n=218). The mean body 
length varied between the ages (Fig. 3). The mean body 
weight of the captured turbots was 878.08 g (min=22.57 
g, max=5795 g, n=218). Of captured turbots, 93.1% 
were ≤2000 g, 4.1% were ≤4000 g and 2.8% were >4000 
g (Fig. 4). The mean increases in length and weight after 
the release were significantly different between ages 
(Kruskal-Wallis test, p<0.005). The size and weight of 
the biggest captured turbot were 68 cm TL and 5795 g 
W at an age of 5+, 64 months (1987 day) after release 
(Figs 3, 4). The legal minimum landing size (45 cm TL) 
was reached at end of the 3+ age. Only 15% of captured 
turbots reached the legal size.
The mean annual growth rates of captured turbots 
belonging to the ages between 0+ and 5+ years were 
15.10±1.63, 16.15±0.62, 12.82±0.23, 12.82±0.47, 
11.93±0.15 and 10.15±0.18 cm/year, respectively 
(Fig. 5). The highest growth rate was found in 2010 
(16.15±0.62 cm). The lowest growth rate was found in 
2014 (10.15±0.18 cm). There was a significant effect 
in annual growth rates (Kruskal-Wallis test, p<0.005). 
There was no significant relationship between the loca-
tion of capture and the sex of caught fishes (p>0.005). 
The length-weight relationship 
The length-weight relationship of all the tagged 
turbots was  and r=0.99. The b value (3.21) suggested 
that the fish followed a positive allometric growth pat-
tern (b>3). No significant differences were found in the 
Fig. 2. – Number of captures of tagged turbots, P. maxima (n=270), 
in the sampling period. 
Fig. 3. – Length at capture of tagged turbots, P. maxima (n=218), in 
the sampling period. Black circle, fishes caught per year, Point, date 
and length at catch. 
Fig. 4. – Weight at capture of tagged turbots, P. maxima (n=218), in 
the sampling period. Black circle, fishes caught per year, Point, date 
and length at catch. 
Fig. 5. – Annual growth ratio (AGR) by year for captured tagged 
turbot, P. maxima (n=218). Fig. 6. – von Bertalanffy growth curve 
for captured tagged turbots, P. maxima (n=218).
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b values of length-weight relationships of both sexes 
within seasons (ANCOVA, p>0.05). This means that 
the female and male individuals had the same body 
shapes in the same seasons.
The von Bertalanffy growth parameters of all the 
tagged fishes were L∞=91.26 cm, k=0.16 year–1 and 
t0=–1.19 year (Fig. 6). The growth performance index (Φ) was 7.19 for all tagged turbot caught.
Condition factor 
Before release, initial condition factor (K) ranged 
between 1.15 and 2.09 (mean 1.57±0.005). Condition 
Fig. 6. – von Bertalanffy growth curve for captured tagged turbots, 
P. maxima (n=218).
Fig. 7. – Horizontal and vertical range of movement of tagged turbots after release by year.  Red square, area of release (Havaalanı area); black 
point, catch point of fish. Number of fishes caught between 2009 and 2014: 270.
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factor values of captured turbots were generally lower 
than those of hatchery-released specimens, ranging 
between 0.74 and 2.75. Mean values of condition fac-
tors (±SE, range) of 0+- to 5+-year-old turbots were 
1.36 (±0.026, 0.99-1.70), 1.72 (±0.028, 0.74-2.75), 
1.84 (±0.062, 1.25-2.75), 1.88 (±0.036, 1.59-2.61), 
2.68 (±0.117, 2.34-2.75) and 1.90 (±0.041, 1.83-2.01), 
respectively. These values indicate that there was an 
increase of K with age, except in the fishes belonging 
to the 5+ age, although it was not statistically signifi-
cant (ANOVA, F=1.036, p=0.366). In first year after 
release, turbot lost an average of 16% of their initial 
condition factor. 
Migration
The number of turbots captured close to the area 
of release (<10 km, east and west of the release area) 
was significantly higher than that in the east and the 
west directions (p<0.05). Tagged fishes usually moved 
to the east, indicating a significant pattern of migration.
After release, the turbots showed both vertical and 
horizontal distribution (Fig. 7). They were caught in all 
seasons, particularly in the eastern Black Sea. In the 
first few months (0+ age, until May 2009), the turbots 
showed a relative expansion and depth preference for 
between 20 and 40 m. During the whole study period 
in the study area, individuals larger than 30 cm were 
mainly caught in spring in the depth range 30-90 m, 
indicating a larger geographical distribution from the 
release area to the borders of Georgia and the western 
region. Individuals aged 3+ years and more showed a 
vertical migration for spawning behaviour in spring. In 
2011 and 2012 a total of 76 individuals were caught 
below 45 m depth. 
Captured turbots predominantly showed move-
ments from the west to the east from the area of release 
during the study period (2009-2014). In the first and the 
second month after the release, an individual moved 
westwards for up to 15 km but other specimens moved 
eastwards for up to 31 km (Fig. 7). Turbots were cap-
tured close to their area of release in 2009 (n=30) and 
the average distance (km) from release to capture loca-
tion was 9.6 km (±5.1 SE, max. distance=50 km). Ac-
cording to the fishes captured in 2009, turbots can be 
considered as “resident” (86.2% <10 km). In 2010 and 
2011 years, the distance covered by some fishes was 
greater, since many captures were made at a distance of 
more than 10 km. The median distance was only 20 and 
28 km in the second the third year after release, respec-
tively. In these years, a total of 62.2% of all captured 
turbots were caught within 10 km, 26.3% within 100 
km and 11.5% within 150 km. In other words, 37.8% 
of the captured fishes were “migratory” and the rest 
were “resident”. In 2012, 70% of the captured fishes 
were captured around the release area (<10 km), while 
the rest (>10 km) moved for an average distance of 16 
km (±5.3 SE, max. distance=150 km, to west). There-
fore, for 2012 many of the individuals of the species 
can be considered “resident” (65.2% <10 km). How-
ever, some individuals (35.2%) travelled more than 10 
km. In 2013 and 2014, all fish were “resident” because 
they were found within shorter distances (<10 km). A 
total of 54.8% of all the captured turbots were caught 
within 10 km, 35.5% within 100 km, and 9.7% within 
150 km (Fig. 7). 
Feeding
The feeding habits of 218 specimens of tagged 
captured individuals were studied. In the entire study 
period 76 empty stomachs (34.8% of the total exam-
ined stomachs) were found. In the first winter and 
spring after release, empty stomachs were found in 
winter (47.05%) and spring (54.54%), but there was no 
significant seasonal difference (p>0.05). However, in 
the first summer and autumn, only one individual was 
caught. The majority of totally empty stomachs were 
found in summer (61.11%) and winter (60.52%) but 
no significant seasonal difference was found (p>0.05). 
The stomachs were fuller in autumn (16.21%) and 
spring (23.36%) (p>0.05) and the differences between 
the high vacuity index seasons (spring and autumn) 
and the low vacuity index seasons (summer and win-
ter) were significant (p<0.05).
In general, three prey groups showed the highest 
abundance, occurrence and relative importance in the 
turbots’ stomachs: teleost fishes, crustaceans and mol-
lusks. The diet of captured individuals consisted of 11 
prey categories (Table 1). The mean stomach weight 
Table 1. – Values for percentage by number (N%), weight (W%), occurrence (O and O%), and index of relative importance (IRI and IRI%) 
for prey items observed in stomachs (n= 218) of captured turbots (Psetta maxima). 
Prey groups N N% W% O O% IRI IRI%
Fishes Merlangius merlangus euxinus 55 48.67 66.88 41 50.62 5848.78 86.79
Engraulis encrasicolus 22 19.47 10.58 13 16.05 482.31 7.16
Mullus barbatus ponticus 15 13.27 11.57 10 12.35 306.69 4.55
Sprattus sprattus 5 4.42 2.07 4 4.94 32.05 0.48
Gobius niger 4 3.54 2.98 3 3.70 24.14 0.36
Spicara smaris 4 3.54 2.72 3 3.70 23.19 0.34
Trachurus mediterraneus 3 2.65 1.93 2 2.47 11.33 0.17
108 95.58 98.73 76 93.83 6728.49 99.85
Crustacea Liocarcinus depurator 2 1.77 0.76 2 2.47 6.26 0.09
Crangon crangon 1 0.88 0.43 1 1.23 1.62 0.02
3 2.65 1.19 3 3.70 7.87 0.12
Mollusca Gibbula divaricata 1 0.88 0.02 1 1.23 1.12 0.02
Cyclopea neritea 1 0.88 0.06 1 1.23 1.17 0.02
2 1.77 0.08 2 2.47 2.29 0.03
Total 113 100 100 81 100 6738.66 100
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content was 40.71±26.44 g. The stomachs of three 
individuals caught on the third day after their release 
were empty. Engraulis encrasicolus and Cyclopea ner-
itea were in the stomach of a specimen caught seven 
days after release. 
DISCUSSION
Effects of tagging 
Some of the T-bar anchor tags were covered by 
mussels. Some cases of injury were also visible on 
the marked point of the tissue surface to the naked eye 
(Fig. 8). Many studies have been carried out on tag-
ging effects in different fishes (McFarlane et al. 1990, 
Thorstad et al. 2013). Within the present study, the use 
of T-bar anchor tags was found to be very advanta-
geous, since they offered an increased return rate of 
turbots by fisherman. However, one disadvantage was 
that they were covered by mussels and this might af-
fect the growth, health and survival of tagged fishes 
(Thorsteinsson et al. 2002). 
Capture
The capture ratio for released turbots seemed to 
be similar (up to 2.7%) to that of other studies. The 
number of tag returns from the release studies was 
mainly attributed to the temporal overfishing condi-
tions. Zengin et al. (2005) corroborated the conclusion 
that the adaptation of P. maxima to the environmen-
tal conditions could be considered as one of the main 
conditions for the stock’s survival, and reported that its 
catch rate ranged between 0.5% and 7.5% in the same 
area. Støttrup et al. (2002) also reported that the total 
capture ratio for the released turbots ranged from 1% to 
11% between 1991 and 1998 in Danish waters. Aneer 
and Westin (1990) obtained 12% to 27% recaptures of 
turbot, and Delbare and De Clerck (2000) reported the 
recapture ratio to be 16% in North Baltic Sea.
Turbots also migrated to shallow waters (<45 m) 
for spawning. As shown in the present study, the cap-
ture rate increased when the fishing mortality simulta-
neously increased, particularly during spawning time 
(April-May). 
Between 8 and 9 months could be considered the 
most suitable age and length for turbot release, because 
they have an increased ability of swimming and finding 
shelter, whereas higher losses in hatchery-reared fish 
may be associated with predation (Turek et al. 2012). 
The efficiency of turbot restocking programmes is of-
ten difficult to evaluate as information on natural stock 
abundance is rarely or only partially available. Most 
of these programmes were conducted with juveniles 
(0+ or 1+ year old), which were released in shallow 
coastline habitats. Released turbot generally exhibit a 
relatively high mortality rate, similar to that of wild 
turbot (Støttrup et al. 2002). Hatchery-reared fishes 
for release into the field for stock enhancement must 
adapt to the conditions in their new environment, feed 
successfully and avoid predation if they are to survive 
(Howell 1994). Predation is the main cause of mortal-
ity among released hatchery fish and the difference 
in mortality rates between hatchery-reared and wild 
fish is particularly important considering the size/age 
at which the fish are usually released (Howell 1994). 
The survival of cultured fishes that are released into 
coastal ecosystems is partly mediated by the size of 
fishes at the time of release into the wild (Leber et al. 
2005). Size at release is also closely associated with the 
cost of culturing juveniles in the hatchery (Leber et al. 
2005, Munro and Bell 1997). The best size at release 
for economic efficiency is sometimes different from 
the ecologically optimal size at release (Yamashita 
and Yamada 1999). For example, the average size at 
release in the flounder stock enhancement programme 
in Japan has increased from almost 50 mm TL in the 
early 1980s to 80 mm in recent years. 
Sex ratio
Despite the increased fishing pressure on demersal 
and pelagic fishes (STECF 2014) and the current loss 
of local nursery habitats in this area, tagged turbots 
were able to protect themselves and reached sexual 
maturity at the age of 4+ years in the southeastern 
Black Sea region. The species is very sensitive to high 
fishing pressure due to its long life span and relatively 
late reproduction onset (Panayotova et al. 2012). In this 
Fig. 8. – T-bar anchor tags covered with mussels (April 30, 2010 at 
Havaalanı region; TL, 36.5 cm; weight, 824.6 g; age, 1+, photo by 
Orhan Ak).
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study, although only a few tagged turbot individuals 
(21) reached sexual maturity, this fact suggests that 
even some hatchery fishes reached sexual maturity 
and thus had the opportunity to rebuild the natural age 
structure and provide the next generation of brood-
stock. The same concern was raised by Ireland et al. 
(2002) in their study on the release of the white stur-
geon Acipenser trasmontanus in the Kootenai River 
(USA). We suggest that the tagged fishes adapted to 
the wild environmental. 
Growth
Tagged turbot reached the legal size (45 cm, TL) in 
the third year of their growth. In this study, the latest 
data on captured fish showed that maximum length, 
weight and age of tagged turbot were 68 cm, 5795 g 
and 5+ years, respectively. Zengin et al. (2005) reported 
that the maximum length and age of the tagged turbots 
captured was 54.2 cm and 4+, while in the present study 
the same species belonging to the same age (4+) had a 
mean length of 45-55 cm.
In this study, the annual growth rate ranged between 
10 and 16 cm for all specimens. Zengin et al. (2005) re-
ported an annual growth rate of 8-17 cm in the same area, 
but Støttrup et al. (2002) found an annual growth rate of 
5-11 cm in Danish waters for the same species and years. 
Some authors reported that growth is related to both water 
temperature and food availability in some flatfishes, such 
as turbot (Psetta maxima) (Støttrup et al. 2002, Zengin 
et al. 2005), Japanese flounder (Paralichthys olivaceus) 
(Lv et al. 2011) and winter flounder (Pseudopleuronectes 
americanus) (Sogard and Able 1992). 
While tagged turbots reached the legal catch length 
in the third year of their lifespan, specimens of the 
wild population reached this size at the same age too 
(Suzuki et al. 2002). The high growth rates of released 
turbot individuals in the first two years were similar to 
those of the wild population, as estimated by Zengin et 
al. (2005). This situation indicates that tagged turbots 
adapted their biological needs to the marine environ-
mental parameters. If these tagged individuals could 
not feed well in sea, they would be likely to reach re-
productive age later (Zengin et al. 2005). 
The strong positive allometric growth of P. maxima 
has also been found in other studies in Black Sea. The 
b value of the length-weight relationship in the present 
study was within the range 3.10-3.43 reported in the 
Black Sea by Ivanov and Beverton (1985); Samsun 
(1995), Erdem (1997) and Zengin et al. (2005). 
In this study, the estimated growth coefficient (k) 
and asymptotic sizes (L∞) did not differ from other 
values obtained in other examined areas. Therefore, 
differences in asymptotic sizes (L∞) between the pre-
sent and previous studies might show differences in 
growth rates (Arneri et al. 2001). Although turbot is 
genetically homogeneous throughout its geographical 
range (Blanquer et al. 1992), its growth rate varies with 
a high geographical variability (Arneri et al. 2001). In 
the southeastern Black Sea, the growth rate is slightly 
higher than in the northwestern Black Sea (Ivanov and 
Beverton 1985, Genç et al. 2002) and the North Sea 
(Mengi 1971, Jones 1976). In the Black Sea both sexes 
of turbot grow rapidly during the first two years of their 
lifespan and then the growth rate is reduced (Suzuki 
et al. 2002). The growth of turbots depends highly on 
environmental conditions, particularly temperature (Le 
Ruyet 2001) and food availability (Arneri et al. 2001).
In the Black Sea, the growth performance index (Φ’) 
for turbots ranged between 6.49 and 7.28 (Ivanov and 
Beverton 1985, Erdem 1997, Zengin et al. 2005). In the 
present study, the estimated Φ’ value of tagged turbots 
(7.19) suggests that they are a good species for releas-
ing. The condition factor values of recaptured fishes 
are expected to decline, reflecting the consumption of 
energy reserves without replacement. The same pattern 
has also been observed in the aquaculture-produced 
and released meagre Argyrosomus regius (Gil et al. 
2014). The growth performance index estimations pro-
vide an indication of the reliability of estimates since it 
is suggested that growth performance index values are 
similar for the same species and genera. 
Migration 
Over half of the captures (55.5% of the total caught 
fishes) had remained within 10 km of the area of re-
lease. The rest (44%) were mostly caught between 10 
and 100 km, and only a few (0.5%) were at a greater 
distance. 
Turbots released in this study were well distributed 
throughout the southeastern Black Sea. The tagged tur-
bots were characterized as “resident” or “migratory” 
according to their movement. Most of the individu-
als exhibited resident behaviour, while others moved 
westward or eastward from the area of release. Long-
distance migrations of turbots were found in some 
cases. For example, captured turbots caught in the 
western (Espiye) and eastern (Hopa) regions (almost 
135 km away from area of release 20 months earlier). 
Zengin et al. (2005) reported that the maximum migra-
tory distance of tagged turbots is 200 km from the area 
of release and depended on fish behaviour and the flow 
route. In the southeastern Black Sea, there is a closed 
flow system from the Anatolian coast to Batumi (Oğuz 
et al. 1993). Other tagging studies have reported lim-
ited movements of turbots and other flatfishes. Støttrup 
et al. (2002) found short-distance movement of tagged 
turbots in Danish waters; 96% and 76% of individuals 
at ages 1 and 2, respectively, were caught within 10 km 
of the release site. Bagge (1987) also reported a very 
limited migration for larger turbots that were tagged 
and released in the central Kattegat. Like turbots, 
winter flounder (Pseudopleuronectes americanus) and 
plaice (Pleuronectes platessa) were recaptured close to 
the area of release (Saucerman and Deegan 1991, Bur-
rows et al. 2004).
The same results for vertical distribution were 
pointed out by Suzuki et al. (2002) and Zengin et al. 
(2005). Yoseda et al. (2012) reported that wild turbots 
in the same area were distributed from 5 to 70 m depth, 
where bottom water temperatures ranged between 8°C 
and 26°C. Water temperature was the most important 
factor for vertical distribution of turbots. The same au-
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thors reported that turbot specimens were found at 10 
m during summer months and in deeper layers (5-60 
m) in winter. During the whole study period, however, 
turbots occupied mainly continental slope waters from 
about 20 to 90 m. They appeared to undergo seasonal 
shifts in depth distribution, moving deeper in winter 
and shallower in summer. In addition to this, some 
researchers have reported that, during its vertical dis-
tribution, turbot reaches the deeper layers (120 and 137 
m depth) for vertical distribution of turbot in the Black 
Sea (Slastenenko 1956, Karpetkova 1980). 
Since the information about the vertical migration 
is important for the fishery and the bio-ecologic behav-
iours of turbot, horizontal migration could be consid-
ered as an important parameter for stock enhancement 
programmes, due mainly to the increased fishing activ-
ity of the artisanal fishery in the area. Knowledge of 
horizontal migration is also important for determining 
the administrative boundaries in terms of fisheries in 
the area of release (Zengin et al. 2005). In the present 
study area, however, the migration type and run tim-
ings of wild and hatchery turbot populations did not 
differ from each other. 
Feeding
Most of the tagged fishes were caught by com-
mercial turbot fisheries using bottom-set gillnet, with 
vessels usually remaining at sea for 7-10 days (Samsun 
et al. 2004). This may be the main reason for the in-
creased ratio of the vacuity index. 
The diet of turbots in this study was similar to that 
previously described by (Zengin 2000) for the wild 
population. The teleost fish group constitutes more 
than the 90% of total IRI and can be defined as the 
main food for the wild population of this species (Oñate 
1989, Zengin et al. 2005, Panayotova and Todorova 
2008, Sparrevohn and Støttrup 2008). Among fishes, 
Merlangius merlangius was also the most important 
prey item for turbot. In northwest Spain, young tur-
bots fed on mysids, decapods and small fish, whereas 
larger individuals preferred fishes and decapods (Oñate 
1989). The relationship between turbot length and 
diet size was also reported by (Jones 1970, Aarnio et 
al. 1996). Although there are differences in prey and 
feeding behaviour between wild and hatchery turbots 
(Person-Le Ruyet 2002), released hatchery turbots 
seem to be able to adapt to natural diet within a few 
weeks (Nielsen et al. 2004).
Turbot has a flattened body and its mouth is very 
large, suggesting that it prefers to consume benthic preys. 
In addition, turbot prefer pelagic fishes which may have 
nictemeral migrations. This result shows that turbots 
prefer to consume more active, moving and faster preys 
and this capability allows them to forage along the water 
column (Ebeling 1988, Farias et al. 2005). 
CONCLUSION
The success of stock enhancement/restocking de-
pends on the extent of knowledge in ecosystem dynam-
ics and population dynamics of the species. The results 
of the present study showed that hatchery-released 
turbots may be a useful tool for enhancing stock in the 
Black Sea, because of their high growth rate, commer-
cial value, and limited migration range. Turbot stock 
enhancement programmes in the Black Sea showed 
that a substantial number of released turbots (about 
8% of the returned specimens) matured in the wild 
environment. Releases of hatchery turbot integrated in 
a resource management programme of sustainable fish-
eries and habitat restoration can successfully enhance 
fisheries recruitment.
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